Analysis of the possibilities for using shale gas to supply gas appliances based on the comparative assessment of gas
The article by Keith Bulin and others [1] describes six major shale gas fields: Barnett, Marcellus, Fayetteville, New Albany, Antrim and Haynesville. Analysing the parameters of these fields and the composition of the gas exploited from them may be helpful in assessing the gases to be exploited from Polish fields. For better readability, the data presented below were converted into units to which we are accustomed in Poland.
The Barnett field
The Barnett Field is located in Texas, at a depth of 1980 m to 2896 m. The main operators are: Chesapeake Energy, Devon, EOG Resources and the average gas exploitation in 2008 ranged from 590 m 3 /h to 4720 m 3 /h.
The gas composition adapted from [2] is as follows:
equal to the one in the case of the Barnett field, i.e. 590 m 3 /h to 4720 m 3 /h. The potential of this field can be evidenced by the fact that its operator, Southwestern Energy, reached the level of gas production equal to 487 286 m 3 /h in 2013 and the total exploitation from the Marcellus field in March 2014 was 17 108 115 m 3 /h and it is predicted that the field will produce 25% of the natural gas consumed in the United States in 2015 [6] .
The gas composition based on [1] is as follows:
Characteristics of the main shale gas fields in the US 1 Abbreviations used in the tables represent the following gases: The Fayetteville field The Fayetteville field is an unconventional gas field with a thickness from 15 m to 165 m, stretching along Arkansas, being relatively shallow, from 460 m to 1980 m. The initial exploitation of 1415 m 3 /h to 4840 m 3 /h increased quickly in consecutive years and, in 2005, production from the field amounted to 67 881 thousand m 3 , 14.7 million m 3 was the amount sold in 2009 and it was already 29 million m 3 of gas in 2013 [5] .
The New Albany field
The New Albany field is a gas field with a thickness from 30 m to 120 m in Southern Illinois, stretching through the states of Indiana and Kentucky at a small depth, from 150 m to 1500 m. The field's initial production reached the value of 2360 m 3 /h. So far, the field is hardly being exploited (only 8 permits for horizontal drilling were issued in 2012-2013). The gas composition adapted from [4] is as follows:
The Haynesville field
The last field was the field most similar, due to its depth, to Polish fields. It is the Haynesville field located on the border between northern Louisiana and eastern Texas, at a depth of over 3000 meters. The field's temperature is 177 o C and the pressure is in the range from 210 to 280 bar. Initial exploitation was at the level of 2950 m 3 /h to 23 600 m 3 /h and the gas composition is as follows:
Composition of gas from the drill holes in Poland
The following table provides four compositions of gases from the drill holes in which the presence of gas (and oil) was recorded, with parameters that enable initial analysis of their similarities to the gases in distribution.
The average gas composition of [1] The Antrim field One of the most interesting fields, due to the composition of the gas, is the Atrim field located in Michigan. The uniqueness of the composition of the gas is related to the way the field was formed in the process of the bacterial processing of organic material contained in the shale (a process similar to that of biogas formation). By 2008, 71 billion m 3 of gas in total was exploited from 9000 wells. The gas composition adapted from [3] Energy parameters of these gases are as follows:
To assess the potential uses of the gases described above, the following table presents the characteristics of the test gases used, according to PN-EN 437 [7] , during testing gas appliances designed to be supplied with natural gas group E, for which the reference gas -G20 is methane: As can be seen, the gases in the above table represent the limit test gases situations that may arise during the operation of the distributed gases. Limit gases: the yellow tipping and incomplete combustion limit gas -G21 and the flame lift-off limit gas G231, represent extreme Wobbe indices which, in the case of the actual group E gases, are in the range of 40.9 MJ/m 3 to 54.7 MJ/m 3 . While the flashback limit gas -G222, shows potential content of unsaturated hydrocarbons with their burning rate much higher than the rate of the combustion of methane in the gas supplied to the device, thus contributing to the flame flashback onto the burner nozzle. Test gases, as referred to in the above-mentioned standard, enable obtaining similar results in the case of the same types of devices in several laboratories.
Assessment of the suitability of shale gases for use
Analysing the above-mentioned compositions of shale gases, both the American and Polish ones, at first glance relatively large differences in gas composition can be noted, depending on the location of the field. The comparative analysis conducted enables the exclusion of the Antrim field. Due to its depth and the resulting temperature and pressure, it is unlikely for Polish fields to exhibit a similar process of methane production. Considering the Marcellus and Barnett fields, similarities in the content of ethane and propane can be seen when comparing the gases with Polish gases. These fields produce very high-energy gases, at the upper limit of the Wobbe index for group E. Basing on the composition of methane and ethane in these gases, it can be assumed that the gases are very similar to the gases from the Lubocin and Barejów drill holes. They are relatively better degasolined than Polish gases, apparently containing Legal and normative acts [ hypothetical compositions of the gases from the Lubocino-1 and Syczyn fields, as obtained when modelling separation of butane and higher hydrocarbons (all of them are then within the range for gas E).
Summary
The above analysis refers only to Polish gas exploited from just three drill holes. However, if the trend of gas compositions exploited from new wells remained at this level, there should be no problem with using the gases. The example of American gases shows that the trend is highly probable. 
